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Goals

B Understand the diurnal movement of the Sun
s HEFEKFHKE HMEZE3)

B Understand the annual movement of the Sun

s HEFEKFHEBEEREZESE)

m Understand the movement of the celestial sphere
s BERERIKEZ)

B Understand the construction of sundials

s HFAHBRIME




The Earth rotates and moves
HERH) B 5123
rotation (day / night)g# (ax/#%1)
orbital position (seasons)ZE#ifrE (FF)

winter in the northern hemisphere (red )

summer in the southern hemisphere (yellow)

axis perpendicular

to the ecliptic

summer in the northern |‘er1165p|tere (red)

winter in the southern hemisphere (yellow)




Activity 1: Four Earth spheres with

the Sun (a lamp) in the middle.
WEBh1: TUASHBBRICE SerR BRI HIARRE (AT¥)
The line from the centre of the Sun to the centre of the

Earth makes a 23.5° angle with the ground
(which represents the plane of the Equator).

B CTHEMHERED FOELEMEAIRAYI23.5° (EAERREH)




Winter in the
Northern

Hemisphere
JEFERRYZR

Summer in the
Southern

Hemisphere
FAFERMNEX

Summer in the
Northern

Hemisphere
IFBRHERX

Winter in the
Southern

Hemisphere
RS2 S N—

"
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Activity 2: Parallel Earth
ima2: SHTHEEK
A spotlight illuminates two spheres in the same way

and produces the same areas of light and shadow
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Activity 2: Parallel Earth
imn]2: Bk

e

JUN
| rowg, g

* Remove the globe from its
mounting, take it outside and
stand it on a glass

* SOMERUMEEE EE TR, BIE=ESMY
IR L,

* Carefully orientate its
rotational axis with a compass

* e HFARE BN B e M.

* Turn it so our location is at

the top
¥ ECTIMBEKY, (ER(IRIRMENEL T TR




Activity 2: Parallel Earth

acs S MM
EfL

* a doll indicating our

position

* TUBFRFA RO E,

* pieces of clay to mark
the light / shadow line

(it advances with time)

* F/NMRES TR BBREAL R,
(1%L ERERTIRIZEALTEET)

* pieces of toothpick to

create shadows to study
*ELEFE, MRFEAE.




Activity 2: Parallel Earth

mEN2: TRFLMBEK
* The North Pole is on the
sunny side so it is summer

in the Northern Hemisphere

(the midnight sun)

* AR T HRONPRRR =AY—E,  RrLALE
AT ERE B R (FRABH).

* The South Pole is in
shadow and therefore in the
Southern Hemisphere it is
winter

* EARMAIT AR, FRLALCRIRESFERRE
ZR,




Activity 2: Parallel Earth
ymn2: EEEK
* The North Pole is

within the area at
darkness, so it is in the
Northern hemisphere's
winter.

* JERAITBRR A, RRLALCRTA 65
BREZK,

* South Pole is
illuminated and so it is

summer in the Southern

hemisphere.
" FIRERR, FRLALCRIRFEE
2X.




Activity 2: Parallel Earth
TEEN2: AEHUER

When the day / night
shadow line passes
through both poles, it
is the first day of
spring or the first day
of autumn.

B&R57 R R BN il =
E’SI%Z—?EEE%EE%?X%E’\J%




Activity 2: Parallel Earth
imE2: FEIMEEK

North H. summer North H. equinoxes North H. Winter
bk, EX bk, &/H5 bk, =X

South H. winter ~ South H. equiﬁofces South H. Summer

¥, EX ¥k, &/Ho ¥k, BX




Rotation and celestial movements of day

and night
BiE5EB&RKIPIET

® Not the same
when seen
from inside

and outside

n  AKEKHYPIEBAISNER
ERAER.




Celestial sphere "from outside”
“MIME" BREK

SUN DAY MOVEMENT

Sun in the summer solstice

Sun on the equinoxes

Sunin the winter
solstice
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it seems that everything is understood

.5 EEZ—1EEEPBA




... but after class, ... he is disconcerted
BTFR2ZE, .. EEE T




All schools have an

"Astronomy Laboratory*

Fi A FREE
“RMEENE"

m They have a playground or school yard
= FREABIRDEERT

m They have the sky above

= ATREBERE

m They have clear days and nights

= AEPBHBEXHER

s THESE MUST BE USED!
= SWYRER




Activity 3: We will build a
model of the horizon

visible from school

ET3: BAIRM—MEFREE)
O T R e




Begin by photographing all round

your location
BT, %1|]TEF%i&Eﬁ%§ﬂﬂHO

® local horizon
n  AlitiEE

QTN

libidabo,

| d 1iral g L Ejulc,
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Let’s glue the photos together on a

supporting platform
IBARREIRER, EEE—TFa L.

® local horizon
At R




... we must adjust the photographed
horizon to align it with the real horizon
.. A FE 2B R A RRIE R S LAY H TR E

B The N - S line and local meridian
s FElLERSAM I




To position the model we can use the
compass direction, or better, we can use

the projection of the pole above the hotizon

FeAiIaTLAFI FBiem s AR E E ]
HB—HEIFIIREER AR EIRSEIRES




Introducing the Earth’s rotation
S| AMIERRIE 4S5

m axis of the Earth
= It




The altitude of
the pole is
equal to your

latitude
iR SRt S S T R

local meridian




Indicate the apparent path of the sun on

the first day of spring or autumn
tRBRAPEE R ZF S HRNETHIE

m Use the Sunrise or Sunset photos
S| = et = R N




Movement due to Earth’s rotation:
ek BiE1S kA IIEE] |

Note the angle of the Sun’s path
ICRABHEHNERI R E

®m Day - several images near sunset
= BR—HBENRE




Movement due to Earth’s rotation:
ek BiE1S kA IIEE] |
Note the angle of the star trails
e B BB A

® Night — a time exposure of the stars
» RIE——EERIEE R

\




Rotational movement in the model
WA o ) B BB B




The inclination of the Sun’s apparent path

and of the star trails depend on latitude
ABRFIIEEMERSRFAEUR F SithEE




Solar paths on first day of each season

(note the different durations)
ME=EHAARMNE GESARRITEERE)

B Summer Solstice EFE
= Autumnal / Vernal Equinox ##/&%
m Winter Solstice RF




Orbital motion leads to the seasonal

positions
A s Ut

Summer ¥
Spring &/ Autumn#k
Winter£&

Angle between
equator and Tropic
of Cancer or Tropic
of Capricorn =23.5°

FRESE/dtEFZ%Z 8l
RIAER23.5°




The Earth’s orbital motion leads to the
change of the position of sunsets every day
Wk A ESH T BRXAEMENTEM

B 3 sunsets:

m Winter — Spring or Autumn — Summer

» 3NHER 2FE—FFERE—EF

L ) .
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Viewing the e

"meridian" in the model
TMENSEILY “ T




...around the pole — circles
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...near the equator the paths change from

concave to convex
.. FREMhE, HUTMMIZIE R




...the model 1s no more than an

Equatorial Sundial!
- SRERIENFENBE!




...other sundials can be made from the

equatorial one
.- B FAIETLAFHER EHE




... the horizontal sundial
HE H &




...and the vertically oriented E-W sundial
RHR AL




... and with the Sun (or with a flashlight) we

observe the model acting like a sundial
- fEXBH (XFHR) HARETIT, RMIMBIXNMEBEZAE—F

—
-
S




The three sundials in the model
BAIB R =/1H &




Activity 4: Let‘’s see how to build a

very simple “equatorial’ sundial!
m4: BAIREEWNTFE— M EEEER “FEN” BE!

® Northern Hemisphete  ® Southern Hemisphere

n JEHEK " K




Activity 4:
“equatorial”

sundial!
Ei4: “HEk BE

m Fold the pattern along
the dotted line

= RS
m Cut the stylus for your

latitude. The yellow part

goes above the plane
= EARIREVLHERD TEET, EEEDAL
TREZ L. 09

.
o=



Activity 5: How to Read the Time
w5 B AYE

Solar Time + Total Adjustment = Wristwatch Time
A FHES + B R B =FRE A

Total Adjustment =  aig%=
* Longitude Adjustment zgiE%
 Summer / Winter Adjustment xZE%
* Equation of Time Adjustment mESRiA%




Activity 5: Read the time, Longitude Adjustment
A5 L, G

* The world is divided into 24 time zones from the Zero ot
Greenwich meridian.

+ EERMAIIFFE/EMBLE T 4ete, #XD /924 T,

* We must know the local longitude and "Standard" meridian

longitude of your area.

- BAIWIRFIEFFEIRNSEE, LR g 2E,

* Use sign + to the East and sign - to the West.

- LR+, LAFE/S-,

* Write longitudes in h, m and s (1°=4m).

- LEBRMACKART. 7. ®, (1°=49).




Activity 5: Read the time,

Summer / Winter Adjustment
Ezh5: BEHATE, XERIHE

* Many countries add an hour in summert.
REEREEREBEIN—/\

* This change of clocks for summer / winter
is a decision of the government of the

countty.
X BIFERZERTRE




Activity 5: Read the time,

Equation of Time Adjustment
E305: EHESE), RS IR

*The Earth revolves around the Sun according the law of areas, i.e. not a constant
motion. We define the average time (of mechanical watches) as the average over
a full year.

HEKEISE AP HARERES N XERINE, Bl AESTER. Bl —Fa9FS
X7 (FUEITEPRY) FIIRTIEL,

*The equation of time is the difference between "Real Solar Time' and "Mean
Time” in minutes of time

XNMHEIFHME "B 1 "SR RIEE.

day Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1 +3m 33s +13m 35s +12m22s +3m54s -2m54s -2m12s +3m 50s +6m 21s +0m 2s -10m18s -16m24s -11m1s

6 +5m 50s +14 m 5s +11m17s +2m27s -3m23s -1m 22s +4m 45s +5m 54s -1m 23s -11m51s -16m22s -9m1s
11 +7m 55s +14m14s +10m 3s +1m4s -3m 38s -Om 23s +5m 29s +5m 13s -3m 21s -13m14s -15m31s -6m49s
16 +9m 45s +14m4s +8m 40s -Om11s -3m 40s +0m39s +6m 3s +4m17s -5m 7s -14m56s -15m15s -4m27s
21 +11m18s +13m37s +7m12s -1m17s -3m 27s +1m44s +6m 24s +3m 10s -6m 54s -15m21s -14m10s -1m58s

26 +12m32s +12m54s +5m42s -2m 12s  -3m +2m49s +6m 32s +1m 50s -8m 38s -16m1s -12m44s_  _+0m 31s
|l s
31 +13m26s +4m12s -2m 21s +6m 245 +0m21s 16m 22s &Lﬂ




Activity 5: Reading Time
Exanple 1: Baradana (Spain) an May 24
Adjustment Comment Result

1. Longitude  Barcelona is In the same "standard" zone  -8.7 m?
as Greenwich. +8.7m
Its longitude 1s 2° 10’ E=2.17°E=-8.7 m
(1° 1s equivalent to 4 m)

2. Summer Time May has daylight saving of +1 h + 60 m
3. Equation ~ We read the table for May 24t -3.4m
of Time

Total

For example at 12h of solar time (noon), our watches indicated
(Solar time) 12h + 47.9 m = 12h 47.9 m (wristwatch time)




1E3h5: 3L H B E]

1 : 5H24BEBZES I (FHILET)

ki R

1. &% EEZ I S MRBIEAE R —PrtEs

E., £
(1°=4m)

2. BN} SAXAESHK, +1h
3. B [a)5E, MFEpiEzE5H24H
o

L 22 T 92010'E=2.17°E= - 8.7m

g0, KRPARTE12:00 (IEF) , FERAETEE

FZRATE])

(RBEAT) 12h + 47.7m = 12h 47.7 m (2

LS

-8.7m?
+8.7m




Activity 5: Reading Time
Exanple 2: Tulsa, Oklaharm (USA) Novanber 16

Adjustment Comment Result

1. Longitude The standard meridian of Tulsa is 90 ° W. +24 m
Its longitude 1s 95° 58 W =96 ° W, so 1t 1s
6° W from the standard meridian
(1° 1s equivalent to 4 m)

2. Winter Time November 16™ does not have daylight 0
saving added
3. Equation  We read the table for November 16t -15.3 m
of Time
Total

For example at 12h solar time (nhoon), our watches will indicate
(Solar time) 12h + 8.7 m = 12h 8.7 m (Wristwatch time)




I53h5: EEH A
2 . 11B16BIB/RGE, Hoehim S (EE)
H R 7t 3
1. & PRIEZE BEN90°W, SEPBRAEEN95°58°W +24 m

., RZ)96°W, BEE B MBEUBIRMES K
6°W, (1°=4m)

2. 85K 11B16BAAERESH . 0
3. B[]S0 MEHEEEI18168, -15.3m
At +8.7m

Flan, KPERTRE12:00 (IEF) , RO EE
(AXPFART) 12h + 8.7 m = 12h 8.7 m (FZEATa)




the model serves to orientate us ...
tRBIERNFEAI I ERIDF. ..

...----'"




... to observe and understand ...

.. ERFIIERE




Conclusions
BGE

We understand the "views'" of the model from inside
and outside

AR 7 IMEBRIRERFNIMR RIS

We reach levels of abstraction that let us read books
and make comments

HALEZ 7 I LA BHSFHCATmSKE

We feel oriented to the real horizon

FANEZ3 T EERIFE

We see that the sunrise is not always due East and

that the Sunset is not always due West
BIMBFHHASRELER, BEEFSEEER




Thank you very much
for your attention!
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